Abstract--In searching for various representations of the electromagnetic fields, some recent interest has been placed on the use of path integrals. These in some sense propagate fields from previous times to sometime of interest by all possible spatial paths appropriate to the time difference to the present. This paper reviews some standard formulations and compares them to the path-integral formulation to give an explicit interpretation for electromagnetics.
INTRODUCTION
In representing the solution to electromagnetic problems (e.g., radiation, scattering, propagation) in various media, there are various possible approaches. Another potential approach involves the path integral introduced by Faynman [2, 6] . This has been introduced into electromagnetics (e.g., [3, 4] ).
Intuitively, the path integral represents the electromagnetic fields at some point in space by integrals over other portions of space along all possible paths between each coordinate, r → , to the position, r → ′ , of interest.
.
II. GREEN FUNCTION REPRESENTATION FOR UNIFORM ISOTROPIC MEDIA
Start with the Maxwell equations and constitutive relations as
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Here we have taken ε ↔ and μ ↔ as functions of space, but not of frequency. Specialize now to the case of uniform isotropic media given by
Now the Maxwell equations take the 6 x 6 matrix form
Z ≡ convenient scaling constant with dimensions of impedance If now we choose
The Maxwell equations can be reduced to a single 3 x 3 matrix equation for the combined field with
j E r t q j Z J r t c
for the combined Maxwell equation.
III. MAXWELL EQUATIONS IN INHOMOGENEOUS, ANISOTROPIC MEDIA
These Maxwell equations (1) can be cast into a single 6 x 6 matrix equation as 
where Z is a normalizing impedance which we can choose at our convenience. This is already in a form which looks like a product integral [7] , except that the matrix to be integrated is a differential operator (with respect to space). Conductivities (electric and magnetic) can also be included. Attempting to find a combined-field form as in (6) we can write 
This is an isoimpedance medium with wave impedance Z which is position independent.
We can now write a first order (in time) 3 x 3 matrix differential equation as the combined Maxwell equation
q jZ E r t q jZ J r t t
In this special case of an isoimpedance medium the problem is reduced to 3 x 3 instead of 6 x 6. At this point we can note that some cases of isoimpedance media ( / μ ε independent of position) have been encountered in examples of transient lenses [9] .
IV. PROPAGATING ELECTROMAGNETIC FIELDS
For notational convenience we first have
This lets us write our operators in dot product (contraction) form. For (7) we can then define 
e h E r t r J r t
Giving a compact form for the first-order differential equation in time. Similarly for the isoimpedance medium we have 
As has been observed [3, 8] , one can approach the path integral by finding a propagator (which is different from a Green function). For this purpose we have the general form of the homogeneous differential equation (no source currents) as (14) we first observe that
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Going to the general pth term, this becomes more and more complicated.
For the simpler case of a uniform isotropic medium we have for the 6 x 6 case
which now reduces the 3 x 3 case as in 12 in the simpler form
In this case we have the propagator 
V. GREEN FUNCTION Rearrange the form of (12) and (13) as
n m n n Q r E r t J r t t
where ( n E ) represents the 6 x 6 or 3 x 3 form of the fields and similarly ( n J ) for the source currents. We have the result for the propagator as ( ) 
From this we can construct the Green function as [9, 14] , , ( , ; , ) ( , ; , ) ( ) n m n m G r r t t P r r t t u t t 
